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Abstract
In a randomized control trial we test whether short- and long-term effects 
of an early literacy intervention are moderated by mild perinatal adversities 
in accordance with differential susceptibility theory. One-hundred five-year-
old children (58 percent male), who scored at or below the 30th percentile on 
early literacy measures were randomized to a web-based remedial early literacy 
program Living Letters or a treated control group. Parents gave written informed 
consent to access the perinatal data of their children at the Perinatal Register in 
the Netherlands. Twenty-one children were at birth small for gestational age but 
full term (SGA) or late preterm (LP). In the group with mild perinatal adversities, 
intervention children outperformed the control group immediately after the 
intervention and after eight months of formal reading instruction, but a similar 
effect of the computerized literacy program in children without mild perinatal 
adversities was absent. In line with the theory of differential susceptibility children 
with mild perinatal adversities seem to be more open to environmental input, for 
better and for worse.
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Introduction
Mild perinatal adversities such as being small for gestational age or being born 
late preterm (SGA or LP) are usually considered to be risk factors for subsequent 
child development, including cognitive development (Chyi, Lee, Hintz, Gould, 
& Sutcliffe, 2008; Nomura, et al., 2009; Van Baar, Vermaas, Knots, de Kleine, & 
Soons, 2009). Here we present experimental data supporting a radically different 
view, derived from the theory of differential susceptibility (Belsky, Bakermans-
Kranenburg, & van IJzendoorn, 2007; Boyce & Ellis, 2005; Ellis, Boyce, Belsky, 
Bakermans-Kranenburg & Van IJzendoorn, 2011). We suggest that mild (but 
not severe) perinatal adversities may have programmed children to be more 
susceptible than other children to the environment, for better and for worse. 
Children who are small for gestational age or born late preterm may acquire 
poorest early literacy skills in unfavorable environments but they might perform 
at the highest literacy level if delays in early literacy development are addressed 
at an early stage. Children may profit more from beginning reading instruction 
when they have received an early literacy intervention in kindergarten that 
prompted them to pay attention to print as an object of exploration – an important 
precursor of the beneficial effects of reading instruction (Byrne, Fielding-Barnsley, 
& Ashley, 2000; Duursma, Augustyn, & Zuckerman, 2008; Silva & Alves Martins, 
2002; Snider, 1997; Van der Kooy - Hofland, Kegel, & Bus, 2011). For kindergarten 
children with early literacy-related delays we tested in the current randomized 
control trial (RCT) whether after the intervention and at the end of first grade 
children with mild perinatal adversities were differentially susceptible to an early 
computer-based literacy intervention.
The impaired neuromotor, medical, social and cognitive development of very 
preterm children (< 32 weeks) and children who are extremely SGA (< 2.5th 
percentile) has been extensively documented (Aarnoudse-Moens, Weisglas-
Kuperus, van Goudoever, & Oosterlaan, 2009; Anderson & Doyle, 2003; Bhutta, 
Cleves, Casey, Cradock, & Anand, 2002; Rodrigues, Mello, & Fonseca, 2006). For 
children with mild perinatal adversities fewer studies on their later development 
have been conducted. However, most available evidence supports the conventional 
assumption that children with mild perinatal adversities are at risk for medical 
and neurocognitive problems as well. Compared to full term children LP children 
had lower reading scores (Kirkegaard, Obel, Hedegaard, & Henriksen, 2006; Chyi 
et al., 2008; Lee, Yeatman, Luna, & Feldman, 2010), a two times higher risk for 
special education at all grade levels (Van Baar, et al., 2009), and a greater risk for 
developmental delays and school-related problems (Morse, Zheng, Tang, & Roth, 
2009). Cognitive development of mild SGA children has also been shown to lag 
behind, with increased risk of learning disabilities and impaired learning-related 
abilities in childhood, and lower educational achievement among adults born 
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near-term (Johnson & Breslau, 2000; Kirkegaard et al., 2006; Nomura, et al., 2009). 
No evidence is available however on the effectiveness of enriched educational 
environments created for children with previous mild perinatal adversities. 
In developmental psychopathology the concept of ‘biological sensitivity to 
context’ or more general ‘differential susceptibility’ has emerged to acknowledge 
the accumulating evidence that some children with a specific neurobiological, 
temperamental or genetic make-up seem to suffer most from negative environments 
but at the same time appear to profit most from positive environments, for better 
and for worse (Belsky, et al., 2007; Belsky & Pluess, 2009; Boyce & Ellis, 2005; 
Ellis et al., 2011; Pluess & Belsky, 2011). Core idea is that not every child seems 
equally susceptible to the same parental, educational or environmental influences. 
Temperament has been one of the differential susceptibility factors central in the 
first wave of studies pioneered by Belsky and colleagues (Belsky, Hsieh, & Crnic, 
1998). For example, an intervention that provided both high quality child care 
and parenting support showed a moderating effect of infant negative emotionality 
with respect to subsequent cognitive functioning and externalizing behavior (Blair, 
2002). A reactive temperament seems not a ‘risk’ but a susceptibility factor. Genetic 
differential susceptibility has been introduced by a Leiden group (Bakermans-
Kranenburg & Van IJzendoorn, 2006) who documented the potential role of 
dopamine-system genes for differential susceptibility. For example, children with 
the DRD4 7-repeat allele and unresponsive mothers displayed more externalizing 
behavior problems than children without the DRD4 7-repeat variant (irrespective 
of maternal responsiveness); but children with the DRD4 7-repeat allele and 
responsive mothers showed the lowest levels of externalizing problem behavior 
(Bakermans-Kranenburg & Van IJzendoorn, 2007).
Physiological factors (i.e., biological reactivity) have been introduced by 
Boyce and his team (Boyce, et al., 1995). In a pioneering study on biological 
sensitivity to context Boyce et al. (1995) showed that 3-5 year old children with 
low cardiovascular or immune reactivity to stressors had approximately equal 
rates of respiratory illnesses in both low and high adversity settings. Highly 
biologically reactive children exposed to high adversity child care settings or 
home environments had substantially higher illness incidences than all other 
groups of children. Unexpectedly, they also found that highly sensitive children 
living in more supportive child care or family settings had the lowest illness rates, 
lower than even low reactivity children in comparable settings (see Ellis et al., 
2011, for an extensive review of converging evidence). Here we suggest that mild 
perinatal adversities may have been associated with physiological changes such as 
higher cardiovascular reactivity to context, which according to the study of Boyce 
and colleagues would make children more sensitive to context, for better and for 
worse. Because of their stress reactivity children with mild perinatal adversities 
may easily shut themselves off for learning experiences in a less optimal learning 
Differential susceptibility to early literacy intervention
63 
environment, whereas they might be most eager to learn from positive feedback 
in a supportive learning environment.
We present the first educational intervention study using a randomized control 
trial to demonstrate the short- and long-term, high learning potential of children 
with mild perinatal adversities in an optimal educational environment. The study 
targets a literacy intervention developed as a remedial program for children who 
lag behind in early literacy skills and who therefore are at risk not to benefit 
optimally from beginning reading instruction (Shonkoff & Phillips, 2000; Stipek & 
Ryan, 1997). Living Letters, a computer-based educational program, compensates 
for a lack of environmental experience that promotes early literacy skills and once 
children have acquired these competencies that are fundamental for learning to 
read they are better able to benefit from formal reading instruction in second grade 
(Van der Kooy-Hofland et al., 2011). In line with the theory that mild perinatal 
adversities are not a ‘risk’ but a susceptibility factor we expect that children with 
mild perinatal adversities will outperform the children without adversities when 
they receive the program but lag further behind without program. Due to an 
early, preventive remedial program at kindergarten, children with mild perinatal 
adversities may be better prepared for further reading instruction, and because of 
the hierarchical nature of the reading process early interventions may reveal long-
term effects on their school achievements as well (Heckman, 2006). 
The intervention program in this study uses the proper name to provide surface 
perceptual features of letters that help children discover sound-symbol relations 
between the first letter of their name and its sound in its spoken counterpart (Van 
der Kooy - Hofland, et al., 2011). There is compelling evidence showing that name 
writing is commonplace in young children’s everyday life and that the proper name 
is one of the first perceptually familiar words to young children (Levin, Both-de 
Vries, Aram, & Bus, 2005; Levin & Bus, 2003). By calling children’s attention to 
sounds of letter units in the written name (e.g., “It’s /pi/ of Peter”) children receive 
a substantial amount of direct instruction about letters as symbols for sounds in 
the name. Most kindergarten children begin to combine understanding of how 
a word sounds with knowledge of how a word looks by using opportunities for 
development enhancement in daily life (Levin & Aram, 2005; Molfese, Beswick, 
Molnar, & Jacobi-Vessels, 2006). An individualized remedial computer program, 
Living Letters, was modeled after literate home activities with the proper name as 
a crucial prompt to stimulate children to explore print. The computer program is 
especially created for children lacking in competencies fundamental to reading 
success who easily shut themselves off for learning experiences at home and in 
school. We expect the program to be more successful in holding these children’s 
attention by providing constructive feedback immediately following an error 
(Corbett & Anderson, 2001) as well as by being adaptive to characteristics of the 
user or to the user’s interaction with the system (Vasilyeva, 2007). For instance, 
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the program offers more feedback (more cues for solving the task) when a child 
fails the task and help is reduced when the learner is more competent and solves 
problems after a few attempts. 
Aims and hypotheses
In the current randomized control trial we include 100 five-year-olds who scored 
at the lowest level of early literacy skills in the fall of the senior kindergarten 
year. Our central question is whether mild perinatal adversities moderate effects 
of a remedial intervention program targeting kindergarten children lacking in 
competencies fundamental to their school success – notably in the area of literacy. 
Findings so far show that the overall effects of Living Letters are moderate 
immediately after the intervention as well as on the long-term (Van der Kooy-
Hofland et al., 2011). Such a pattern of findings may manifest itself because the 
intervention increases learning only for those children who are most susceptible to 
their environment and need systematic instruction and support to explore print. 
Children with mild perinatal adversities may be more susceptible to the 
environment including compensatory educational intervention in kindergarten 
and outperform children with mild perinatal adversities who do not receive the 
compensatory educational intervention as well as children without mild perinatal 
adversities who received the intervention. This differential intervention effect 
would emerge not only directly after the intervention but also a year later. Due 
to a better starting position as a result of the intervention the children with mild 
perinatal adversities benefit more from beginning reading instruction in first 
grade. Without a timely enriched environment, literacy performance of these 
children is expected to remain at a lower level because they, in contrast to their 
peers without perinatal adversities, are less receptive to influences in their daily 
environment. In line with differential susceptibility theory we expect therefore 
that the majority of children without perinatal adversities are less susceptible to 
compensatory education in kindergarten. On the long-run they remain at roughly 
the same level whether or not they received a remedial computer program in 
kindergarten, and they will be outperformed by their peers with mild perinatal 
adversities who participated in the enriched literacy environment. The predicted 
differential effectiveness of Living Letters should be independent of possible 
contaminating systematic SES, IQ or executive function differences between the 
groups. 
The current study aims therefore at testing the following hypotheses: (1) 
Children with mild perinatal adversities are most susceptible to early compensatory 
interventions in kindergarten and show the strongest beneficial effects directly 
after the intervention. (2) Beneficial effects stretch to the period of beginning 
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reading instruction that builds on early literacy skills. Short-term positive effects 
assessed directly after the intervention in the mild perinatal adversities group are 
predicted to be maintained for reading tests at the end of grade 1 almost one year 
after the end of the intervention. 
Method
Participants
The intervention sample was drawn from 15 regular public schools with a “normal” 
population. Eligible for participation were pupils speaking Dutch as their first 
language and between 60 to 72 months old. An estimated 12% of 459 pupils did not 
participate in the screening, due to illness or absence for other reasons or failure 
of parental consent. The lowest scoring 30% (N = 135) on an aggregate measure 
composed of three screening assessments (letter knowledge, writing ‘mama’ and 
writing other words) was selected to participate in the experiment. The cut-point 
of 30% was based on the finding that this selection encompassed all children 
who knew very few letters and were unable to represent letters phonetically in 
their writings. The selected children were randomly assigned (ratio 2:1) to the 
intervention program (Living Letters) or treated control group (Living Books) 
stratified for school and gender. 
One-hundred parents (74%) gave written informed consent to access the 
perinatal data of their children at the Perinatal Register in the Netherlands (PRN, 
2010). The children (58 percent male) were at the start of the study 60 to 71 
months old (M = 64.16 months, SD = 2.99). Almost all schools (14 out of 15) were 
represented in the subsample. Children were assigned to the group with mild 
perinatal adversities a priori defined as birth weight ranging between the 2.5th 
and 10th percentile for the gestational age (full term small for gestational age, 
SGA), or being late preterm (LP) that is a gestational age at birth of 34-37 weeks + 
6 days. Twelve children (eight in intervention program, see Table 1) were at birth 
SGA and nine late preterm (five in intervention program). 
The children (N = 100) participating in the current, perinatal part of the 
intervention study did not significantly differ from the total sample (N = 135) on 
educational level of the father, verbal intelligence, regulatory skills, pretest early 
literacy skills, and outcome measure for early literacy skills. In grade 1 we lost 
seven children in the no mild adversities group (three in intervention program), 
because families moved (n = 3) or children duplicated senior kindergarten 
classroom (n = 4). 
Study design
A randomized pretest-posttest control group design was used to examine the 
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differential effects of a remedial intervention (Living Letters) in kindergarten. 
Control subjects were assigned to another computer program not focusing on 
early literacy skills (Living Books). Eligible children were randomly assigned to 
intervention and control group, stratified for school and gender.
To examine whether randomization had been successful, we applied t-tests 
with experimental group (Living Letters and control group) as factor and with 
mild adversities versus no mild adversities as factor to test whether they were 
similar on paternal education, verbal and non-verbal intelligence, regulatory 
skills and pretest early literacy skills (Tables 1 and 4). There were no significant 
differences between the experimental groups on paternal education, verbal and 
non-verbal intelligence, regulatory skills, and pretest early literacy skills.
Children of fathers with lower educational level were overrepresented in the 
mild adversities group (M = 5.56, SD = 2.17), compared to the no mild adversities 
group (M = 3.95, SD = 2.13), t = 3.03, df = 98, p < .01 (Table 1). Also pretest early 
literacy skills showed a significant difference between the mild adversities group 
(M = -.45, SD = .75) and the no mild adversities group (M = .10, SD = 1.06), t = 
2.23, df = 98, p <.05 (Table 4). There were no significant differences on verbal or 
non-verbal intelligence and regulatory skills. 
Table 1 
Background variables as a function of experimental group and perinatal adversities 
Mild perinatal adversities
(n = 21)
No mild perinatal adversities
(n = 79)
LL
(n = 13)
Control 
(n = 8)
LL
(n = 52)
Control 
(n = 27)
Gender (m/f) 7/6 6/2 30/22 15/12
Paternal education 4.31 (2.29) 3.38 (1.85) 5.85 (2.19) 5.00 (2.04)
PPVT ª 77.23 (8.90) 74.50 (13.59) 81.35 (12.13 78.07 (11.28)
Raven’s CPM ª 15.15 (4.20) 18.00 (3.70) 16.92 (3.29) 16.85 (4.14)
Regulatory skills b -.08 (.76) -.76 (1.33) .17 (.99) -.07 (.95)
Note. ª raw scores. b z-score
Intervention program
Living Letters. Living Letters, designed by a team of computer experts, designers, 
and experts in the field of education, and available for schools and parents via 
subscription, is aimed at training basic literacy skills. The child’s proper name 
or another familiar name such as ‘mama’ [mom] (Levin, Shatil-Carmon, & Asif-
Rave, 2006) is used to illuminate how letters in names relate to sounds (Bus & 
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van IJzendoorn, 1999; Ehri et al., 2001). Since the proper name is often the first 
word that young children can read and write, children received the program 
version with the proper name unless the name’s spelling was inconsistent with 
Dutch orthography (e.g., Chris or Joey). In those cases, the program used ‘mama’, 
another often-known word, as target word (Both-de Vries & Bus, 2008; 2010). 
Of the 40 games 22 games provided practice in recognizing the proper name. Six 
games focused on recognition of the first letter of the proper name, and another 
12 games provided practice in identifying pictures that start or end with the first 
letter of the child’s name. 
The sessions started with an attractive animation to explain the upcoming 
games; for instance, the two main characters, Sim and Sanne, discuss their name 
and discover that these names start with the same sound. Errors when solving the 
games are followed by increasingly supportive computerized oral feedback. Unlike 
most computer games, the program Living Letters gives adult-like feedback that 
goes beyond “great” or “not quite right, try again”. First, the task is repeated (Find 
the word that starts with the same sound as your name), next a clue is given (Which 
word starts with /t/ of Tom?), and lastly the correct solution is demonstrated (You 
hear the first sound of your name, /t/ of tom, in tent). After a maximum of three 
trials per assignment, in both conditions, Sim, Sanne, and the teddy bear start 
dancing to mark the end of an assignment, whether or not the child has given the 
correct answer, after which the next game starts. 
Living Books. The control group was given an alternative computer treatment 
however not targeting letter-sound knowledge: Living Books. This program 
consists of five age-appropriate computerized books that include oral narration 
and video representations of the scenes, but no printed text, thus allowing the 
child to read by listening. In each 10-minute session, children read one electronic 
storybook and responded to four follow-up questions among which two about 
difficult words (e.g., What are paving stones?) and two about story events (e.g., 
Is dad happy or angry?) by choosing one out of three pictures. Each book was 
repeated three times across the 15 sessions. In each repeated reading, children 
responded to four new questions, totaling 12 questions per book. 
Training procedure
Training sessions were held over a period of 15 weeks. Children spent an estimated 
10 minutes per session playing Living Letters or Living Books. Sessions occurred 
during the morning either in classroom or computer room conditional upon the 
school routines. Children wore headphones to reduce noise and distractibility. 
Because the intervention was the first tryout of Living Letters university students 
at the master’s level were present to prevent or solve technical problems with the 
help of an off-site helpdesk. It was their task to log children in on the website 
and provide supervision and assistance to ensure that children could complete 
Chapter 4
68
all sessions. However, they did not provide guidance in explaining or solving 
the computer assignments. The system stored which assignments each child had 
completed and the correct game automatically appeared on screen when the 
supervisor entered the child’s name. The system was also programmed in a way 
that the session automatically discontinued after four games so that sessions had 
the same duration and the program was held over a similar period. Each child 
thus played all games as often and in the same order. The system registered which 
assignments children had completed which enabled the main researcher to notify 
failed or missed assignments and repeat those within one week. Thanks to the 
computerized treatment, fidelity checks were maximal.
Measures
Perinatal variables. Data from the Netherlands Perinatal Registry (PRN, 2010) 
2000–2001 were used. The PRN is a database that contains the linked data from 
three registries: the national obstetric database by midwives, the national obstetric 
database by gynaecologists, and the national neonatal/pediatric database (Méray, 
Reitsma, Ravelli, & Bonsel, 2007). The PRN registry contains comprehensive 
data on pregnancy, provided pregnancy care (interventions, referrals), and 
pregnancy outcomes. The coverage of the PRN is about 96% of all deliveries in 
the Netherlands. All variables were recorded by the health care provider during 
prenatal care, delivery and neonatal and lying-in period. The data are annually sent 
to the national registry office, where a number of range and consistency checks are 
conducted. Criteria for assignment to the group with mild perinatal adversities 
were birth weight between the 2.5th - 10th percentile for the gestational age (small 
for gestational age, SGA) or late preterm that is a gestational age at birth of 34 - 37 
weeks + 6 days. 
Parental education was surveyed using the following scale of highest form of 
education completed by the fathers and mothers: 1 (primary school), 2 (prepa-
ratory secondary vocational education), 3 (preparatory middle-level vocational 
education), 4 (senior secondary vocational education), 5 (senior secondary 
education), 6 (pre-university education), 7 (professional higher education), and 8 
(university). Because the measures were strongly correlated but paternal education 
was more strongly associated with perinatal adversities we preferred this measure 
to maternal education as covariate.
Intelligence. To control for intelligence as a confounding factor we tested 
verbal and non-verbal intelligence with the Dutch version of the Peabody Picture 
Vocabulary Test (Schlichting, 2005) and the Dutch version of Raven’s Colored 
Progressive Matrices (Van Bon, 1986).
Regulatory Skills. Because regulatory skills relate to learning via the computer 
(Kegel et al., 2009) we assessed regulatory skills at pre-test with four tasks: (1) 
Following the Stroop paradigm, children had to switch rules by responding with an 
Differential susceptibility to early literacy intervention
69 
opposite, i.e., saying “blue” to a red dog and “red” to a blue dog (Beveridge, Jarrold, 
& Pettit, 2002). The task consisted of 96 trials distributed over four conditions, 
in which demands on working memory (remembering the name of one or two 
dogs) and inhibition of the most obvious response (e.g., saying “blue” to a red 
dog) varied. Incorrect naming and corrections were both scored as errors. (2) In 
a second Stroop-like task (opposites) children had to respond with the opposite 
to contrasting pairs of pictures [e.g., saying “fat” to thin] (based on Berlin, Bohlin, 
Nyberg & Janols, 2004). Incorrect naming and corrections were both scored 
as errors. (3) In a test called ‘same tapping’ the child copied the experimenter’s 
hammer taps on cubes (Schroots & Van Alphen de Veer, 1976). Each correct 
imitation in this working memory task was awarded one point with a maximum 
score of 12. (4) In the peg tapping test the child tapped twice with a pencil after 
one tap by the experimenter, and vice versa (Diamond & Taylor, 1996). The total 
score was the number of correct responses to 16 items. Intraclass correlation 
coefficients between two independent coders were high for all four tasks (r > .97). 
PCA revealed one component with high loadings (.66 - .75) explaining 49% of 
the variance. The distribution of this aggregated measure (regulatory skills) was 
normal for both the intervention and the control group. 
Screening tests
Screening tests aimed at identifying kindergarten children delayed in the basic 
understanding that letters relate to sounds. Rhyming did not discriminate in this 
age-group, however the following measures did:
Early writing. Children were asked to write familiar words like mama (mom) 
and four other words (e.g., boot [boat]) (Schrooten & Vermeer, 1994). Each word 
was double-coded on a scale from 1 (writing-like scribbles) to 6 (conventional 
spelling) (Levin & Bus, 2003). A score of 3 or higher indicates that one or more 
letters are represented phonetically. The intra-class correlation coefficient for 20 
double-coded assignments was high (r = .99).
Receptive letter knowledge task. Children were asked to point to one of eight 
target letters, each presented on a card between four other letters. 
Aggregated screening score. Alpha reliabilities for the tests were satisfactory; 
see Table 2. Correlations among the tests were rather high (> .52). Principal 
Component Analysis (PCA) on the measures revealed one component with high 
loadings (.83 - .87) that explained 74% of the variance. The lowest scoring 30% on 
the composite measure were selected as experimental group because they did not 
represent letters phonetically. 
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Table 2
Mean scores (SD) and reliabilities for child characteristics, screening-tests, pre-tests and post-tests. 
Measure N M (SD) Skewness (SE)
Kurtosis 
(SE)
Child 
Characteristics Paternal education 100 5.22 (2.25) -.04 (.24) -1.47 (.48)
Peabody Picture Vocabulary Test .94b 100 79.38 (11.70) -.02 (.24) -.44 (.48)
Non-verbal intelligence .69c 100 16.76 (3.70) -.03 (.24) -.06 (.48)
Executive Functioning (factor score) 100 .00 (1.00) -.46 (.24) .12 (.48)
- Stroop task dogs (max = 96) .94a 100 83.98 (8.60) -.89 (.24) -.17 (.48)
- Stroop task opposites (max = 48) .91a 100 31.16 (7.44) -.50 (.24) -.18 (.48)
- Peg Tapping (max = 16) 100 13.35 (2.32) -.66 (.24) -.41 (.48)
- Same Tapping (max = 12) .80c 100 6.88 (2.40) -.10 (.24) -.45 (.48)
Screening Screening (aggregated score) 404 .00 (.86) -.23 (.12) .04 (.24)
- Letter knowledge (0-8) .73a 404 5.62 (2.07) -.46 (.12) -.92 (.24)
- Writing ‘Mom’ (1-6) 404 3.67 (1.74)* .18 (.12) -1.27 (.24)
- Writing words (1-6) .87a 404 3.04 (1.07)* .23 (.12) .82 (.24)
Pretest Phonological skills (max = 25) .81a 100 7.54 (4.86) 1.02 (.24) .19 (.48)
Posttest Early literacy skills (factor score) 100 .00 (1.00) .44 (.24) -.73 (.48)
- Phonological skills (max = 25) .87a 100 12.41 (6.03) .04 (.24) -1.20 (.48)
- Word recognition (max = 45) .80a 100 27.29 (6.55) .32 (.24) -.10 (.48)
- Decoding (max = 40) .98a 100 15.08 (4.53) -.54 (.24) -.68 (.48)
Post-posttest Reading Grade 1 (factor score) 93 .00 (1.00) .14 (.25) -.56 (.50)
- Word reading fluency .91b 93 22.52 (10.33) .28 (.25) -.48 (.50)
- Pseudo-word reading test .88b 93 21.82 (11.94) .71 (.25) -.39 (.50)
- Serial naming .74b 93 40.73 (8.90) .78 (.25) -.05 (.50)
aCronbach’s alpha; btest-retest reliability; csplit-half reliability; *scores > 3 indicates writing one 
or more phonetic symbols; 
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Early literacy skills
To test whether the program stimulates and re-organizes attention to sounds and 
letters in spoken and printed words the following test battery was applied (NELP, 
2008):
Phonological skills (pre- and post tested) were assessed in a series of 5 tasks: (1) 
identifying among three words the one that starts with a sound different from the 
other two words; (2) selecting among four words two words with the same initial 
sound; (3) selecting from four words two words with the same final sound; (4) 
naming the first sound of words; and (5) naming all sounds of words. To reduce 
examiner bias, all picture names were pronounced by a computerized voice. All 
target sounds (n = 20) were consonants; all words were monosyllabic (CVC or 
CVVC). Each correct response was awarded one point (maximum = 25). 
Word recognition (only post-tested). Children had to identify the depicted 
target word (e.g., raam) among four printed words. The (incorrect) alternatives 
differed in 1 (room), 2 (rat) or all letters (bon) from the target word. Correct 
responses were rewarded with 3 points (raam); correspondence of first and last 
letter (room) with 2 points; correspondence of first letter with 1 point (rat); and 
no correspondence (bon) with 0. 
Decoding (only post tested). Children were trained in decoding four vowel-
consonant (VC) and four consonant-vowel-consonant (CVC) nonsense words. 
If children failed to pronounce the nonsense word in the first five seconds after 
presentation of a word, they were stimulated to sound out the separate letters. If 
this did not prompt correct decoding, the experimenter pronounced the separate 
sounds and stimulated the subjects to blend the sounds. If they did not succeed, 
the experimenter repeated the separate sounds, blended them, and had subjects 
repeat the naming and blending. The list of eight words was repeated five times in 
different sequences. Scores per word varied from 5 (successful first attempt) to 1 
(non-completion of item). 
Early literacy skills. Alpha reliabilities for all tests were satisfactory; see Table 
2. As is shown in Table 3 the three measures were strongly correlated (> .59). 
Principal Component Analysis (PCA) on the posttest measures revealed one 
component with high loadings (.81-.77) that explained 77% of the variance. This 
component was labeled as ‘Early Literacy Skills’ and used as dependent variable. 
We used phonological skills measured at pretest as covariate (see Table 4).
Beginning reading skills 
In first grade, children were tested with measures that are used in Dutch schools 
to assess reading development after about 8 months of instruction. In a regular 
orthography such as the Dutch language, measures that target speed discriminate 
better than measures of accuracy (Share, 2008):
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Table 3 
Bivariate correlations among measures 
Time 1a 2a 3a 4a 5b 6b 7b
1. Phonological skills pretest - .55** .51** .65** .25* .18 -.25*
2. Phonological skills posttest - .54** .79** .32** .23* -.29**
3. Word recognition posttest - .64** .31** .30** -.16
4. Decoding posttest - .28** .22* -.21*
5. Word reading fluency post-posttest - .93** -.64**
6. Pseudo-word reading test post-posttest - -.57**
7. Serial naming post-posttest -
** p < .01. *. p < .05. Note: an = 100; bn = 93
Table 4 
Means pretest and post test scores (z-scores) and SE’s as a function of experimental group and 
perinatal adversities 
Mild perinatal adversities
(n = 21)
p
No mild perinatal adversities
(n = 79)a
p
LL Control LL Control
n = 13 n = 8 n = 52b n = 27c
Pretest
Phonological skills -.39 (.22) -.55 (.24) ns .14 (.15) .03 (.20) ns
Posttest
Early literacy skills 
(factor score) .64 (.25) -.47 (.11) <.05 -.06 (.10) -.06 (.16) ns
Post-posttest
Reading Grade 1 
(factor score) .42 (.21) -.41 (.22) <.05 -.04 (.11) .00 (.24) ns
Note: aGrade 1, n = 72; bGrade 1, n = 49; cGrade 1, n = 23
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Word reading fluency was tested with the one-minute-test, a standardized test, 
to determine how many words from a list can be read during one minute (Brus & 
Voeten, 1973). 
Pseudo-word reading fluency, a standardized pseudo-word reading test, 
assessed how many nonsense words were read accurately in 2 minutes (Van den 
Bos, Lutje Spelberg, Scheepstra, & de Vries, 1994). 
Serial naming of letters. To assess how fast letters can be retrieved from memory 
children named 50 lowercase letters composed of five different letters (d, o, a, s 
and p) non-consecutively ordered as fast as possible (Van den Bos, Lutje Spelberg, 
Scheepstra, & de Vries, 2003).
Aggregated measure for grade 1 reading. Cronbach’s and Guttman’s alpha’s 
for the standardized tests were satisfactory; see Table 2. The measures for word 
reading, non-word reading and serial naming of letters showed high correlations 
(> .55). Principal Component Analysis revealed one component explaining 84% 
of variance with test loadings ranging from .87 to .95. This aggregated variable was 
normally distributed. 
Data collection and scoring procedure
In fall (screening), one month before the 15-week intervention, directly after the 
intervention, and after 8 months of instruction master’s level university students, 
blind to treatment, tested the children. Assessments were delivered in a fixed 
order to all participants. Examiners were extensively trained in administration 
procedures. Videotaped pre/post assessments were used to control the testing 
procedure. Master’s level university students blind to treatment, scored tests under 
supervision of the main researcher.
Analysis
Because the subjects were recruited from 14 schools and observations within 
schools may be dependent we started with deriving the Huber-White estimates 
to correct for clustering of the measures (cf. Hatcher et al., 2006; Kegel, Bus, & 
Van IJzendoorn, 2011). We then included these estimates in the Complex Sample 
General Linear Model (CSGLM, SPSS 17) to carry out regression analyses with 
reading skills directly after the program in kindergarten and at the end of first 
grade as dependent or outcome variables, and pretest early literacy skills, paternal 
educational level, children’s PPVT score (verbal intelligence), Raven score (non-
verbal intelligence), regulatory skills, presence of mild perinatal adversities, and 
experimental group (Living Letters versus control group) as covariates (total N = 
100 children in 14 schools). 
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Results
Paternal educational level, verbal and non-verbal intelligence and regulatory skills 
were non-significant predictors of beginning literacy skills in kindergarten and 
grade 1 reading skills. Experimental group and mild perinatal adversities group 
did not show significant main effects on early and beginning literacy skills. The 
interaction between experimental group and mild perinatal adversities, however, 
was significant not only immediately after the intervention, F (1, 13) = 8.25, p = 
.013, but also at the end of grade 1, F (1, 13) = 9.22, p < .01. 
In order to examine the interactions between intervention and mild perinatal 
adversities, we repeated the CSGLM in the mild perinatal adversities and the no 
mild perinatal adversities groups separately. The significant effect of experimental 
group in the mild perinatal adversities group for posttest early literacy skills (F (1, 
8) = 7.24, p < .05; n = 21) was still present at the end of grade 1 reading (F (1, 8) 
= 5.79, p < .05; n = 21), where children in the Living Letters group outperformed 
the control group (Table 2). However, the no mild perinatal adversities group was 
not susceptible for the early intervention as was demonstrated by the absence of 
a significant effect for end of kindergarten early literacy skills (F (1, 13) = .06, p < 
.82; n = 79) and grade 1 reading skills (F (1, 13) = .01, p = .91; n = 72). Outcomes 
were basically the same when the SGA and LP group were analyzed separately but 
for these post-hoc analyses statistical power was of course low due to the small 
number of subjects in the sub-groups.
Table 5
Effects of treatment in the total group and in the subsample (mild perinatal adversities) 
directly after the intervention (posttest early literacy skills) and after one year reading 
instruction controlling for background (paternal education, PPVT, RCPM, regulatory skills 
and pretest) 
Measure n Estimate (SE) 95%CI B t p-value Cohen’s dd
Total group 
Early literacy skills 100 .12 (.07) -.04,.28 1.66a .12 .34
Reading Grade 1 93 .08 (.13) -.19,.36 .65 b .53 .14
SGA or LP Subsample
Early literacy skills 21 .36 (.13) .05,.67 2.69c < .05 1.24
Grade 1 Reading 21 .40 (.17) .02,.78 2.41c < .05 1.11
Note: an = 100, df = 13; bn = 93, df = 13; cn = 21, df = 8; dFor calculating Cohen’s d we used 
the formula 2t/√n-2 (Thalheimer & Cook, 2002). 
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In Table 5 the effect sizes of the intervention for early literacy skills and grade 1 
reading are presented. Although the overall effect of the computer intervention 
was low, the children with mild perinatal adversities benefited substantially from 
the intervention. The effect size for reading in first grade (d = 1.11) was only slightly 
lower than the effect size for post test early literacy of d = 1.24 directly after the 
intervention. Figure 1 illustrates the difference in effect size between experimental 
groups for post test early literacy and grade 1 reading scores. The dependent 
measure is the early literacy and grade 1 aggregate reading score residualized 
with the four covariates (paternal educational level, verbal intelligence, non-
verbal intelligence, and regulatory skills) before computing means and standard 
deviations per sub-group. From Figure 1, it can be derived that the mild perinatal 
adversities group manifested the highest score on early literacy skills directly after 
the program and grade 1 reading after the Living Letters intervention, and the 
lowest in the control group. 
Figure 1. Estimated Means and SE’s for Early Literacy Skills of Children with mild perinatal 
adversities (SGA or LP) and without (no SGA or LP) in Intervention Group (Living Letters) 
and in Control Condition (A) directly after the intervention (N = 100) and (B) one year 
after the intervention (N = 93).
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Figure 1. Estimated Means and SE’s for Early Literacy Skills of Children with mild perinatal 
adversities (SGA or LP) and without (no SGA or LP) in Intervention Group (Living Letters) and in 
Control Condition (A) directly after the intervention (N = 100) and (B) one year after the intervention 
(N = 93). 
 
Discussion 
In this randomized control trial we found that, without an adequate preventive 
intervention program, children who had experienced mild perinatal adversities (SGA 
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Discussion
In this randomized control trial we found that, without an adequate preventive 
intervention program, children who had experienced mild perinatal adversities 
(SGA or LP) performed at the lowest level at the end of grade 1. In line with 
differential susceptibility theory, however, we also found that children with mild 
perinatal adversities profited most from a computer-based remedial intervention 
with an adaptive feedback regime, and these susceptible children kept their 
advantage even at the end of grade 1, after one year of formal reading instruction 
without any further additional support. As children in intervention and control 
condition were taught by the same teachers and exposed to similar classroom 
curricula we can be certain that there were no differences apart from the computer-
based literacy intervention in kindergarten to explain this finding. In particular 
the advantage at the end of grade 1 demonstrates how important it is to address 
early literacy delays at an early stage. 
Remediation of early literacy skills at an early stage can enhance effects of 
systematic instruction in reading skills that in the Netherlands does not begin 
until children are in first grade. We also found that some children are more 
susceptible to early remedial interventions than other children. Children with mild 
perinatal adversities are vulnerable to develop persistent delays in literacy skills 
but they also seem to thrive and are quick in acquiring high levels of elementary 
literacy skills when they have a chance to catch up and outrun their peers prior 
to the start of beginning reading instruction by participating in an enriched, 
computer-based literacy environment in kindergarten. These susceptible children 
seem to have not only risk factors but also unexpected learning potentials when 
a rearing environment includes elements that make children attentive to the 
basic ingredients of reading. For the children who did not suffer from perinatal 
adversities the intervention did not result in short- or long-term elevated levels of 
literacy skills. 
In the dominant paradigm of developmental psychopathology the cumulative 
nature of risk factors has been emphasized, and the diverging developmental 
pathways of children with specific vulnerabilities in challenging environments 
(Cicchetti, 1993; Sameroff, 1983). Most of the developmental studies of the past 
few decades have focused on children at risk for deviant development because of a 
combination of child-related and environmental risk factors. The prevailing tunnel 
view on risks prevented developmental researchers from paying equal attention 
to the other side of the coin, optimal development in supportive environments. 
Differential susceptibility theory draws attention to the possibility that in a wider 
view on environmental risks and positive contexts child-related risk factors might 
turn out to create greater susceptibility to positive environments. Reactive or 
difficult temperament has been one of the differential susceptibility factors central 
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in the first wave of studies pioneered by Belsky et al. (1998). The potential role of 
dopamine-system related genes for differential susceptibility has been introduced 
by Bakermans-Kranenburg and Van IJzendoorn (2006) for social-emotional 
and by Kegel et al. (2011) for cognitive development. Physiological factors (i.e., 
biological reactivity) have been introduced by Boyce and his team (Boyce, et al., 
1995). 
From this latter, pediatric perspective Boyce and Ellis (2005) used the metaphor 
of ‘dandelions’ to indicate the large number of children who are genetically or 
prenatally programmed in a way that they would survive and function rather 
robust within almost any environment. The smaller number of ‘orchids’ however 
would wilt quickly in neglecting circumstances but bloom in a spectacular way 
when raised in the most optimal environment. What seems to be a risk factor 
in an average or bad environment, e.g. biological reactivity to stress or a reactive 
temperament, turns out to promote optimal development in a nurturing context. 
The ‘orchid hypothesis’ (Dobbs, 2009) misleadingly suggests two distinctive 
classes of individuals instead of a continuum of more or less susceptibility to the 
environment. The orchid metaphor however brings also effectively home the 
surprising message that seemingly maladaptive but evolutionary enduring traits 
might have an important adaptive role in specific niches as they contribute to the 
indispensable variation in the human species. This is the evolutionary view on 
differential susceptibility Belsky (1997, 2005) was the first to articulate. 
Why would mild perinatal adversities be susceptibility factors instead of only 
risk factors? In general, susceptibility to context is associated with characteristics 
that enhance the individual’s ability to monitor the environment and to extract 
most effectively its reward value. In Suomi’s (1997) studies on rhesus monkeys 
anxious, timid offspring would become anxious adults when they were reared in 
a harsh parenting environment but they would flourish and climb the hierarchy 
of the troop when they were raised by sensitive mothers who allowed them to use 
their anxious monitoring of the environment to elevate their access to resources. 
In a study of temperament and maternal discipline in relation to externalizing 
problems in early childhood, Van Zeijl et al. (2007) found that children with reactive 
temperaments were more susceptible to both negative and positive discipline than 
children of relatively easy temperament. On basis of their longitudinal studies 
Kochanska, Aksan, and Joy (2007) proposed that the ease with which stress and 
anxiety is induced in reactive children helps them to respond most favorably 
to gentle parental discipline but at the same time to be most vulnerable to the 
negative effects of harsh parenting. 
Mild perinatal adversities may be associated with elevated levels of stress in the 
expectant mothers (Pluess & Belsky, 2011). Although the number of studies on 
the association between maternal stress as indexed by HPA-axis functioning and 
mild perinatal adversities is relatively small and findings are equivocal, a recent 
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large prospective cohort study suggested that larger cortisol awakening responses 
(CAR) in early pregnancy may be related to lower birth weight and higher SGA 
risk (Goedhart, et al., 2010; Kivlighan, DiPietro, Costigan, & Laudenslager, 
2008). Mild perinatal adversities may lead to higher cardiovascular and HPA-
axis reactivity to context, which according to the pioneering study of Boyce and 
colleagues (1995) would make children more sensitive to context, for better and 
for worse. 
Low birth weight babies showed increased cortisol concentrations in umbilical 
cord blood and raised urinary cortisol excretion in childhood (Economides, 
Nicolaides, Linton, Perry, & Chard, 1988). In adult life they have higher pulse rates, 
an index of sympathetic activity, and increased fasting cortisol concentrations 
(Phillips et al., 1998; 2000). Studies showed an enhanced plasma cortisol response 
to synthetic adrenocorticotrophic hormone (Levitt, et al., 2000; Reynolds, et al., 
2001). An increased stress response was observed in low birth weight children 
(Jones, et al., 2006; Wust, Entringer, Federenko, Schlotz, & Hellhammer, 2005). 
Because of their elevated stress reactivity children with mild perinatal adversities 
may easily shut themselves off for learning experiences in a less organized 
and rewarding environment, whereas they might be most eager to learn from 
exposure to relevant experiences and positive feedback in a supportive learning 
environment (Pluess & Belsky, 2011).
The Living Letters interactive computer program has been designed to reflect 
the interactions of sensitive parents guiding their preschoolers into the world of 
written language. Before formal reading instruction children already are curious 
to know how written words convey meaning, and how the visual form relates 
to the spoken counterpart of words. In particular their proper name is focus of 
this search that mostly starts at an early age far before reading instruction begins. 
Sensitive parents reinforce the discovery of alphabetic writing by encouraging 
interest in the proper name and other frequently used names and helping their 
children to combine their understanding of how the name looks with knowledge 
of how the name sounds. They are quick to recognize and reward successful 
attempts to name the first letter of the proper name and recognize the letter in 
other words. 
The computer program Living Letters creates a similar type of sensitive and 
stimulating environment for the acquisition of early literacy skills. For example, as 
the proper name provides surface perceptual features that help children to discover 
relations between letters of the name and sounds in spoken counterparts the 
program uses the child’s own name to initiate the same discovery process. Errors 
when solving the games are followed by increasingly supportive computerized oral 
feedback of an adaptive and constructive nature. The feedback carefully scaffolds 
the children’s trials and errors in their search for answers to the challenges of 
the games by repeating the task, giving clues, and finally demonstrating a correct 
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solution. This is the optimal learning environment in which children with mild 
perinatal adversities seem to learn most effectively while children without 
perinatal adversities gain as much whether experiences with print are specific or 
nonspecific. 
An important limitation of the current study is randomization to treatment 
and control group without stratification to mild perinatal adversities. Although 
we ascertained that the bias introduced by this lack of stratification was minimal 
as children with and without mild adversities were almost equally divided 
among treatment and control group, in future studies participants should also be 
randomized on the basis of the susceptibility factor –a limitation of all differential 
susceptibility experiments to date. Another limitation is the lack of information 
on the mechanism of susceptibility of children with mild perinatal adversities 
to the intervention. We speculated about the elevated stress reactivity of these 
children but HPA-axis or cardiovascular responses to stress were not assessed in 
the current study, and elevated stress reactivity remains a hypothesis to be tested in 
a future, more comprehensive trial. Lastly, we included only one potential marker 
of differential susceptibility, namely mild perinatal adversities in the current study 
although another study on a different sample but with the same Living Letters 
intervention program revealed a strong differential susceptibility effect for carriers 
of the 7 repeat dopamine D4 receptor gene (DRD4-7R, Kegel et al., in press). To 
examine the associations between various susceptibility markers (temperament, 
regulatory skills, dopamine-related genes, perinatal adversities) in future studies 
these markers should be included simultaneously.
Our finding of enhanced susceptibility of children with mild perinatal 
adversities to the environment has at least two important implications. First, 
children with mild perinatal adversities have traditionally been viewed as being at 
risk for delays in later (cognitive) development. The current study shows that they 
may have a high potential for learning in enriched environments. What seems 
to be a risk factor turns out to be a potential asset which deserves our special 
attention in creating adequate educational environments. Second, experiments 
demonstrate that interventions might have only weak to modest effects on 
children’s health or development across the board (for examples, see Van der 
Kooy - Hofland, et al., 2011; Kegel, Van der Kooy-Hofland, & Bus, 2009; NELP, 
2008). Effect sizes in this study for the main effect of the interaction disregarding 
the susceptibility factor, for instance, remained below half a standard deviation. 
Yet the intervention appeared to be strongly effective for the specific, susceptible 
sub-group, as indexed by mild perinatal adversities. Even long-term effects of 
the intervention amounted to more than one standard deviation on an aggregate 
reading skills assessment that was in no way directly targeted in the computer-
based early intervention program. For the majority the gap after 8 months of 
reading instruction was already present at enrollment in grade 1. In evaluating 
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experimental interventions researchers should take differential effects of their 
manipulations into account as predicted by differential susceptibility theory (Ellis, 
et al., 2011). The age-old intervention question of what works for whom might be 
fruitfully addressed from the perspective of differential susceptibility theory. 
In sum, we found that children who experienced mild perinatal adversities might 
be at risk for early reading problems but in an enriched environment they may 
reach a high level of early reading skills, an advantage that still exists after one 
year of formal reading instruction. This provides unique experimental support 
for differential susceptibility theory in the cognitive domain and illustrates the 
double-edged nature of mild perinatal adversities as a risk factor for academic 
skills as well as a potential asset. 
